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The rechnical fairness of the written air raffic conwol specislise (ATCS) apeitude cest bareary was investigated withis
the framework of the Uniforra Guiddlines on Emploves Sclection Procedures {29 CFR 1607). First, the adverse impact
of using a compesite score on the test battery was evaluared o an axchival samaple of 170,578 job apoliceats. Mean sore
differences by gender of 0.35 SD in the favor of men were found, suggesting char adversz impact on women could be
expected from use of test scores in sslection. Analysis of selection rates by gender found that women were dassified a3
digible for employmen consideration on the basis of composite test scores &t 2 lower rave {38.9%) than men (30.4%).
Step-dovn hicraschical regression analysis {Laumenschisger 8 Mendoza, 1986) was vsed 1o investigare differential
predictioa of peeformance in initial ATCS wsining at the Federal Aviztion Adminintration Acadermy in 2 sampic of 9,552
first-time comperitive entranes. Analysis based on correfations csrrecoed for explicic and implicic restriceion in range
found significant differences in dopes sad interceps by gender, suggesting that separate regression squations were
appropriate w peedict Acederny performance for the gendess. The practical significance of the staristically small offect
{ sives is considered within the framewark of current equal ermployment opporrunity legidstion and case haw in the
discussion of these results. The altersative explansrion thet these sesules reflect gendes diffesences in job-relazed 2bilies,
rather than test bias, is considered.
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The Federat Aviation Administrscion (FAA), inits
1993 Diversity Plan, made 2 commitment o attracy,
recain, develop, and manage o diverse work force thae
visioly refiected the Americar population 2t large by
the year 2000. Achieving thic goal will require sub-
stengial changes in the demographic profile of the Air
Traffic Control Specialist (ATCS) occupation, the
single largest {17,000} and most publicly visible ocou-
pational group in the agency. Air trathic control is 2
career fleld in which female workers have been histori-
cally under-representad refavive to the Amersican popu-
lation at large. Entry inte the otcupation has deen
decermined since 1981 by applicant performanceona
written aptitude test bartery administered by the US
Office of Personnel Management {OPM; Aul, 1391).
This test barrery emphasired the crganization, defini-
dop, and manipalation of the perceprus] field through
verbal 2nd numeric reasoning (Hazris, 1986). Yee, itis
exzctly such 2 rest barrery of cognitive abilities that
may have been an inzdvertent device for the exclusion
of women from this raditionally male occupation.

Our purpose in this paper was to cxamine the
technical frirness of the wrizten ATCS apsivade oot
battery as the first step toward assessing to what
degree, i any, that the battery may have served as an
“engine of exclusion” {Seymous, §988) of women
from the ATCS occupatior.. By technicat faimess, vee
n.re referring %0 the regression modedl of est bizs for
which there is 2 reasonable professiond consensus, 23
embodied in the 1985 Stendards for Educasional sxd
Prycholoaical Testing (American Educational Research
Associstion, American Psychological Assoclation, &
Naztions! Council on Messurement in Education).
rather than a socially constructed standasd regurding
rese wse {Sackerr &2 Wilk, 1994; Goriredson, 1294).
Technical fairness in this sense, and under the L.

Jform Guidelines o3 Employes Seicciion Procedures (28

%%%%@? wmﬁ

CPR 1607), encompasses two tssues. First, the impact
on protected groups arising from use of ¢ particular
cer saore on the predictor must be ovalisted, &
selection rate for any protected group char is kssthan
fouc-fifths (4/5 or 80%%) of that of the majority group
will ... generally be regarded by the Feders! enforce-
mentagencies 25 evidence of adverse impact” {29CFR
1657.4.D}. Second, where use of 2 selection procs-
dure resuls in adverse impact, the Uniform Guidelixes
require that the rest user evaluate the degree to which
differential predictions of future job performance are
made from selecrion test scores by sebgroup (29CFR
1607.14.8.(8).()). This sendy investigaved the tech-
nical Girness of the ATCS wrirten apitude test bat-
tery towzrd women from vwo perspectives: adverse
impact snd diffesential prediction.

ADVYERSE IMPACT ANALYSIS

Previous research on written ATCS selecrion reers
suggested thar mean score differeaces by gender were
insignificant (Rock, Dailer, Ozur, Boone, & Pichrel,
19842, pp. 476) zad rthas, oveszil, “the evidence for
adverse impact against women based on this sample
was marginal, ar best” (Rock, Dailey, Czur, Boone, &
Pickeel, 1984b, pp. 507). This condusion was based
primarily on results of their 1984 study in which 57%
st men {x = 3835) passed the screen in comparison o
45% of women (2 = 1473}, The adverse impact rruic
in chis case was ©.78 rether than the 0.80 required
undes the “four-fiths rule of thumb.”

in the presens study, we hypothesized that the oom-
posite of scoresearned on e wrien ATCS aputude test
barrery, 2s weed by OPM ro derermine eligibilicy for
empioyment, hed 20 adverse impent on women appli
canzs. Thae composite of tex soores would be considered
@M@&ézi?%aeﬁmmmmxﬁng
fromm fts use as & personne selecrion device.
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The adverse impect analvsis was based oa determi-
nations of eligibility for employment made by OPM
toe job applicaats on the basis of a cnmpasite of two
written test scores. Over 200,000 job applicants have
taken the OPM written ATCS rest baveery since [981.
Records for 179,578 applicants with complece test
scores weee availshie in the daes base. These records,
as provided by OPM, incheded test raw scores, gender,
aducation, 22d 2 determination of eligibilicy for em-
ployment based on test scores; rzcial identification
data were aot available. Demographic characteristics
toe this reference population of applicants are pre-
seated in Table 1. Gender (SEX], as indicared by
OPFM valucs, was recoded as O for males, and 1 for
females.

Selection test scores

The selection test scoze used by OPM ro determine
eligibiliey for employment was a composite of scores
earned on two written ATCS apeitude wests: the Mal-
tiplez Coneroller Aptitude Test (MCATY, and the
Abstrace Reasoning Test (ABSR). The developiment,
pswchomerric characteristics, and validity of chese
written ATCS zptitude tests have been extensivedy
described elsewhere (Brokaw, 1984; Collins, Boone,
& VanDeventer, 1984; Manning, 1991; Sefls, Dailey,
& Piclrei, 1984). Scoring of the tests was doac ini-
tially by summing the MCAT {weighted 2} and ABSR
{weighted 1} scores. The resuiting weighted scozes
were then transformed via an 0?-.‘&1’ test scofc trans-
mutation ixble into the Trensmuced Composite Score
{TMC}. Abour haif of 2ll epplicants were expecred w0
score at or above the mean on this compesite {Rock,
Duiley, Czur, Boone, & Picksed, 1984a). Applicants
with 3 vears of general experience, 4 vears of college,
srany combination of education and experience equat-
ing 10 3 vears of general experience and without prior

aviation sxperience, were required o carn z 1 8C of

atleast 75.1 to bu chigible for employmen:. Applicants
with specific air tradfic control-related avizzion expe-
rience, or 4 years of coilege plus 1 year of gradusre
study, were eligible for employmeat if they earned 2
TMC of 2t least 70. In othes words, acutscoreof 751

3]

or 70 on TMC, depending on spplicent backsround
was used o determice cligibiliey for employment.
Applicanis pot meeting these criteria were ineligibis
for employment a5 controliers. The determination of
ehigibility for employment was mades by OPM. Codes
indicating that an spplicant had cither failed the tese
{"IA") or scored 100 low for consideravion '15). based
op TMC, were recoded a3 test failures. All other
inefigibility codes were recoded as “other ineligtble,”
and codes indicating eligibility were recoded as “efi-
gibls" for employment. The adverse impact analysis
wzs based on this eligibility variable.

Precedure

The adverse impact analysis was conducred in two
steps. Firt, TMC diswibutions were analyred by
geaden; 3 ptest was used o evaleate mean score
differences. Second, selection rates ou the basis of
eiigibility codes by gender weie evalusred. The pro-
portion of applicants determined o be eligible on dhe
basis of their test scores was comparsd o the prepos-
ton reled a5 incligible on the basis of st scores;
applicanet determinad o be incligtble on any other
basis (2.g., age, salary requitcments, experience, of
education) were exciaded from the analysis. Fishet'sZ
rest was used to statistically compare selection rates.

RESULTS

Geoup differences

Analysis of group differences in predicror scozes by
gender are presented in Table 2. Males earned signifi-
canely higher mean TMC scores (3= 7444, D =
14.17) than femazies (Af = 69.32, $D = 1437
KI70576) = 61.75, p 5 .001) The disuibution of
THC by sex in the rescarch semple is illustrated in
Figure 1. The standardived offect size {d) for gender
on TMC scores is (.35 SD. cormresponding o 2 small
to medium effece size {Cohien, 1988). Thic consrasts
with previeus rescarch suggesting thet mean differ-
ences in TMC were insigniSiernt {Rock, Dailey. Crur,
Boonme, & Pickrel, 1984b). Mcan scose differences
might be cxpected to mwenshice inte differences in
selsction rates by gender. In the ATCS sslection
process, only candidates scoring 2t or above the sver-
age TG were ligidle for employment.



arachenisiics for reference popdation, elf 16R5-1022 FAA
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FAA Acaderay entrants
Reference Academy Ssemple
Characseristic Population exxrants {N=9.552)
(N=i70378) {(N=i14,392}
Sex
Male 132708 11,480 7.938
Fesale 37870 2.932 1817
Race
Asuaa/Pac-Island 91 52
Armenicsn dian 9% 131
Afcicas American 819 283
Hispenic 523 293
White 12,36 8,558
Missing Data 396 23t
Edmcation
LT High School 404
High Scheol 28,147 1.576 1,046
Socee college 82414 7,750 335t
Bachkelor's degres 54,583 4,745 3,833
Advanced degres 393 176 1313
Missing Data 1,086 145 &
Age
Miean K08 3.7
$D 299 288

L#2)



Frpsre 1
Pradictar (T34C) score distridution by gender for rsference nopulalion of

applicants {N = 178,578)
Mele (.000)

Female {000}
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Selection radio

The resules of the adverse impact analysis by gen-
der, based on OPM dligibility codes, are presented in
Table 3. Approximazely half(52.04% ) of the 132,708
men were considered eligible for employment on the
besis of cheir apritude test scores. With 2 majority
selection rave of about 50% and mean differences of
.35 3D, we anticipated 2 selection rate for women of
about 33 o 38%, based on Seckextand Wilk (1994).
1n fact, 38.46% of the 37,870 women were eligible for
employment on the basic of the aptitude test scores.
The proportion of women determined to be eligib.e
for cmployment was significandy fess than the pro-
portion of mex (Z = -46.63, p 5 .0C!); zhe ratioc of
female to male sedection rates was .74, Using the 4/5¢hs
rule of thumb of the Uniforss Guidelines, it appeared
that use of scores on the written ATCS aptitade tese
baztery to determine eligibilicy for employment re-
suloed in statiscicaily significant advesse impacr againse
female applicents.

DIFFERENTIAL PREDICTION ANALYSIS
Given the finding thas there appeared ro beadverse

impact agzinst wormen, the {niform Cuidefine (29
CFR 1607.14.B.(8}.(b}) and Seandends for Educationa!

and Pspchelegical Testing (Standard 1.20, p. 17} re-
quired an investigation of the relationship berween
test scoces and job performance for evidence of differ-
entisl predicrion by subgroup. We hypothesized thae
there was no difference in the predicrive validity of she
test bawery by gender.

METHOD

Sample

The differential prediction analysis washased on z
sari.ple of persons actually hired by the FAA on the
basis of their aptitude test scares. Beeween October
1985 and Janwary 1992, a tetal of 14,392 ATCS
candidates entered the FAA Academy. The majority
(11,403) had competed under civil service regulations
for hite and were entering the Academy for the first
dme. Complete gender, racial idencification, predic-
105, and criterion datz wece available for the reszarch
sample of 8,842 mele and fomale stadents. There weze
7.332{82.9%) menand 1,510{17.1%} womenin the
sample. Demograghic information for all 2cademy
entranss and the rescarch tample is preseated in Table
1. As with the reference spplicant populstion. gender
{SEX) was coded a3 O for males, 2ad 1 for females,



Table 2
Kean prodicior and criterion score difierances by gander

Varisdle Grow N M o JE ¢ &
™C Males 132,708 1444 i4.17 6830 s175™ 170576
Fermales 37,870 $9.32 14.37 6.074
SCREEN Males 10,252 7238 1 8.116 951" 12,754
Females 2,504 026 1200 G.240
**%p < 00!

Table 8
Adverse impact analysis or refec nce pop. by gender for bassed
on OP4 eligibilty codea
Sex
QPM Eligibility Males Femates Raw totzls
Eligibie 69,056 i€,564 84,070

(52.04%) (38.46%)

Failed st 49502 20,677 €9379
37.60%) (53.2%)

Other ineligible 13,750 3,229 16979
(1036%)  (B.33%)

Column totals 132,708 37,810 1%,578




Measeres

Predicross. THIC was used 10 our differencial pre-
diction eaalyses s the messare of candidate aprirade
as it previded s eneesuze of ability unadjusted for
previous experience andior military service. Descrip-
tive statistics for the predicior scoses are preseated in
Table 4 for the refercnce population of applicants, all
Acadesny eatrants, and the research sample.

Critenien. The criterion in the differeatial peedic-
tion znalysis wes performance in the FAA Academy
initial ATCS craining program, known as the ATCS
Noaradar Screen (“the Screen™). Training may be
used as § criterion measare where success in training
is “properly measured.” and the relevance of the
training can be desnonstrared through comparison of
training content to critical of imporsaat job behaviors
or by showing that training mezsures are refazed o
subseguent measures of job performance (29 CFR
1607.14.B.(3}). The Screcn was originally eszablished
in response o recommendations made by the US
Congressions! House Con.mirtee on Governmen:
Operations (US Coagppess, 1976) ro ... provide carly
and continued sceeeniag o insure the prompt elimi-
nation of uasuccessful trainess and rolieve the 1o
gional facilities of much of this burden” (p. 13). The
Scrzen was based uposn a miniaturized tesining-test-
ing-evaluatica persoane! seiccrion mode] {Siegel, 1978,
1983; Siegel & Bergman, 1375) in which individuals
with ac psior knowledge of an occupation are erained
and then assessed for theic potential to succeed in the
job. Pesformance in the Screen has becr shown to
predict subsequent performancs in radar-based wrain-
ing ! to 2 years after enury into the occupetion (Broach
& Manning, 1994) 25 well as compkticn of the
rigorous on-the-job tr2ining sequence and centifica-
tion &5 2 qualified "full pecformance Jevel” conerolier
{Defia Rocce, Manning, & Wing, 19%0; Manning,
Della Rocco, & Bryrane, 1985).

Thirceen assessments of performance, including six
classroom tests, observations of pesformance in six
laborztory simalations of non-redae air waffic con-
wol, and 2 final written ezemination, weve made
during the Screen (Delia Rocco, Maraing, & Wing,
1990). The fins! se nmed compasite scose {SCREEN)
was weighied 20% for academics, 60%% for laborateey
simulstions, and 20% for dhe fnal examiparion. A

L1

minimum SCREEN score of 70 was reqguired 10 pass
the Academy program. This final cormposice score was
the crizerion measure in this study. Descriptive statis-
vics for SCREEN scoses are also presenred in Table 4
for ali Academy entrants and for the research sample.

Proceduse

The classical, regression-based mode! of rest bias
was used as our amalyric framework to evaluate the
degree 1o which the written ATCS test betvery differ-
entislly predicted performance ia the Screan. A step-
down hierarchical multiple zegression amalysis
{Laurenschizger & Mendoza, 1986) was vsed to evalu-
ate test bias. The step-dewn approach evercomes the
shortcomings of the various step-up procedures
(Bardect, Bobke, Mosier, & Hannan, 1978, Coben &
Cohea, 1975} by accounting for the various changes
in the sutn of squared error term incrementally, while
st the same time ensuring more statistical power than
the other methods (Lautenschisger & Mendoza). Step-
dows analysis assumes the null hypothesis that a
common regression {ine provides the bestease-sguares
£z to the dats. The alternative is that 8 Gl modd,
including slope 2nd intercept differences betwreen
groups, is reguired (o previde s significanthy bewes fit
o che data.

Ous step-down anziysis was conducted as foliows,
wsing the SPSS {SPSS, Inc.. 1989) regression peoce-
dure. First, SCREEN was regressed on TMC only
{basic medel). Secoad, the criterion was regressed on
TMC, the dummy coded group membership vasiable,
and the cross-product of TMC and chsr dummy-
codied variable (full model}. This full mode! wastested
agzinse the simple model of criterion and predictor
test only for an incremental change in the & {good-
ness-of-fit index). A significant change in & sueg-
gested porential biss and dictatad chat farther sesting
for slope and’or intercepr differeness for the groupsbe
done. Third, 15 test for dlope differences between
greeps, SCREEN was regressed on TMC and the
durnmy-coded varisble indicating group membership
{group model}, and compered o the fell model. A
significant increment in the &, based on 2 compari-
son of che group to full model, implied differen:
sdopes. Fourth, if dope differences were found, then
SCREEN wras regressed on TMC and the crose-product



Table &

Descriplive siatistics for referance poputation of jch epplicants, all 1585- 1962 FAA Academy
entrants, and rasearch sample

Reference papulation (N=17).578) All Academy entrants (N=i4,392) Rescarch sample (N=$.552)

Variahlz ¥ SO Mia  Mx M 5D AMin  Max M S Mi=  Max
™C B30 1437 1953 w00 NoE 543 MN0O0 100D #1855 503 N0G w0000
SEX ox 042 02 040 17 03%

TMC_SEX 1539 260 000 10000 518 3480 009 10000 1551 343 Q30 10000

SCREEN 7126 1180 2716 SRS FLO6E 136 27186 W

ANoxs:  Screen score not applicable for seference pobulation of job applicxexs

“a_'




of aptitude and group membership (cross-produce
model). The crom-zroduct model was then compared
re the group model; a significent change in 2 indi-
cated intercept, as well as dope differences betrween
groups. If no dope differences were found, then the
cross-product model wascompared ro the basic model;
2 significant change in R? indicated oniy invercept
differences between groups. The genensd logic and
associated SPSS syatax for the step-down hierarchical
regression analysis are illuserased in Figere 2.

Techrical feasibilicy

Restriction in range, stasistical power, and crite-
tion bias are considerations in evaluating the techni-
cal fessibility of a rest fairness investigation that must
be explicitly comsider= under the Uniferm Guidriines
{22 CFR 1607.14.B.(8).(c) and (e); 29 CFR
1607.16.1)). Both explicit and incidental resixiction
in remge sre recurrent problems in ATCS selecrion
research, as evidenced by the sample sises and descrip-
give statistics in Table 4. Variance in TMC for the
research sample was explicitly restricted in range due
o selection. Therefore, correlations between TMC
ard the SCREEN criterion were correcred with re-
spect ro the reference population of 170,578 appli-

caces, using the formules presenied by Ghiselli,
Campbell, end Zedeck (1981, p. 299). Correlations
berween variables indicating gender 2nd the critesion
were incidentally testricred in range. These gendez-
criterion cotvelations, includizg the gender-by-pre-
dictor ¢resspreduct to SCREEN coreeiation. were
corrected with respect 20 she reference populstion of
170,578 applicants using the Ghiselli, Csmpbeli. and
Zedeck (1981, p. 304) formula for incidental range
cesteiction. Funally, valves for the pepulation coerela-
tions between geader and the gender-predictor
crossproduct were computed. The overall structure of
the correlation matrix is describod in Table §; sample
and corzected correlstions ate preseated in Table 6.
Sample correlations, without corrections for restric-
ton in range, are ~resented in the lower lefe-hand
coraer, while correcied and population correlations
afe presented in che upper righe-hand corner of the
cverall maurix Separate differeatial predicsion analy-
ses were conducted on the basis of sample and cer-
recezd correlations, as required by the Undferme Gaadeliees
(29 CFR 1607.15.B.(8)).

Sample sizes in these analyses were clearly of suffi-
cient size o peovide more than emough power to
dececs even small statistical effects. We estimated the

Tadia s
Corralation maftrix structure for dfiorential pragiction anahvsis

THMC SEX TMC_SEX SCREEN
THIC 7y rp LA
SEX 7y s ¥
TMC_SEX v, 5
SCREEN 7 7, rs

Hoer:  Sample correlstion matin streczre shown befow the dinpoas, cormected
mmmmmzsummg = PogrRiztiod
mmmsmwamwz = semmpie
correletion corvected S Supdicit resiriction i eonge, Beoed on refarenee
popuiatica of ail appbicasts; #; = mmple corvelarion coumensd for insidengt
sestriction ia rangs, deeed on refovencs population af of opniicaals
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Siep-down hierarchical regrassion analysis iogic and SPSS syntax
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available statistical power viing Coben’s {198%) sz
gression power tmbles (Tadle 9.3.1) for as many as 3
independent variables 2t an alpha of .01. The tisk of
a type Il error (fuiling to find an effect thatin fact was
peasent] was very lov, with 2 .98 probability of derece-
ing even very small effect sizes {F < .03) with 2 sample
of more than 8,900 cases.

Finally, as noted by Sacken and Wilk {1994),
Lautenschiager and Mendoza {1986}, as well ashy the
Uniforre Guidelines (29 CER 1607.16.U), the feasi-
bility of an assessment of re-hnical fairness depends
upon the quality of the job-relevant criterion: If the
criterion was systematically bissed against women, for
example, then the regression:-based method could not
be used to determine the pressnce or absence of
differenrial prediction by subgroup. The distribution
of criterion scores by gender is shown in Figute 3.
Obscrved mean scere differences in SCREEN by
gerder were about 0.23 SD for the rescarch sample.
These resufts are somewhar less than che estimated
differences of .3 10 .4 SD by race reporred by Ford,
Kiaiger, and Schecuman (1986). Thee are several
possibilities for these observed differences by gender:
these mean criterion differences may represent some
degres of “systematic bias™ agaiast women; the secm-
ing Lizs may have been confounded, at Jezst in pary,
with differences attributable ro selecrion: these differ-
ences may reflect true distinctions in performance
that were incidental 10 sex; and the apparent bias may
be due to differences in information processiag strat-
egies used by the sexes. However, the limin of the dam
available for chis study did not permit 2 definitive
evaluation of these alternatives. Therefote, wecannos,
with cernainty, claim an unbiased criterion. Yet. in
accordance with the nifsrm Gridelines, Screen score
was properiy measured, and relawed 10 subsequent
orgze..izationally valued outcomes. (e was 2ise o more
biased than measures used in previous published se-
lection test faimmess studies. Therefors, it was an ap-
propriate critetion in this assessment of rechnical
feirness under the Uniforns Guidrlines.

RESULTS

Without corrections for testvictioa iz range

The adverse impact anulysis suggested thar use of
TMC to determine cligibility for employment as an
air rzaffic controlier may have contribured 1o 2 Stua-
tion of adverse impact against women. The focusof an
evaluation of technical faitness, therefore, shifted o
the degree 10 which the predictor score differenuially
predictad the criterion. Sample correladions, without
corrections for restriction in tange. ave presented in
the fower iefe-hand eriangie of the matrix in Table 6.
TMC was significantly correlated with final score in
the Aczdemy Screen (7= .1844. p < .001) and dighdy
with the predictos-group crossproduct {r= 0296, 2 <
.01). Geader (SEX) was aegatively correlared with the
crizerion SCREEN score {7 = -.0847, p < .001), whete
gender was coded as § for females and 0 for males. The
ress Jts of the diffcrential prediction ansiysis using the
step-down hicrarchical regression anslvsis on the basis
of the sample correlation matrix without any correc-
tioas for restriction in range are peesented in Table 7.
The aull hypothesis that = common regression line
provided the best fit wes rejecvad in the first analysis,
suggesting the presence of somce degree of rese bias.
The increment in R* gained by using the foll modd
{predictor, group membership, and crossproduce).
rather than the bask model {predicror only), was
significant {4 &' = .008,A F= 38.60.5 < .001}. Nexz,
the oull hypothesisafsame slopes by pender could not
be rejected: the subgroup model {predicror and group
membership) did not explzin any less variance than
the full model (A R = 0,4 F= 1.02, o). Following the
analytic logic illustraved in Figure 1, the basic and
subgroup models were next compared to determine if
the intercepts wete different for men and women. The
nudl hypothesis of same intercepts was rejected, with
removal of SEX leading to 2 significant reduction in
the amount of explained variance (A B = - .008,4 Fa
76.18,22.001). Oventll, che results obuained with che
uncerrected corrclations indicated significant inter.

cept differcnoes, but no Sifferences in slopes by gender.



Tebie G
Sampie and cofracied correlation matrix for Flerengia

pradiction analysis by gender
T™MC SEX  TMC_SEX SCREEN
™0 SA4T™  poer™t 04724
SEX 2.0106 05738  -DBE6!
TMC_SEX 002%™ 09986 0.0408

SCREEN 0.1844°° 00877 007

finse~ As described in Tabiz § coereintions betmesn: .o TN J
SCREEN and THC. SEX. ol TNIC_ S2X 18 B 2< 8L T p<. 001
2ot cight-hand corncr e camecied. ud thesefom,

a0 ggaifomce st ST wpoeved

Flgure 3

%(mmmmmwmammmm=
12,758}




Tadle 7

Resulls of sten-toam hierarchical ragression analysis,for 1882 bias in research samgie by gander on
basis of corralation matrix without corrections for restriction in range

Analsysis Model R AR AF F

Bazic v. Full: Overall bias TMC 0.037 33094

TMC + SEX + TMC_SEX 0045 0038 3340 180007

Full v, Group: Slopes TMC ¢+ SEX +» TMC_SEX 0045 140.61™°
TMC + SEX S5 G060 1@ 2mmse™
TG
Full v. Crossproduct? TMC + SEX + TMC_SEX N/A
T™MC + TMC_SEX
Basic v. Group: Intercepts TMC + SEX 0645 203507
TMC 0037 L0888 76.18™ 339.94™
Noses: Wull v. oszproduct mode! compariton aot conducted. Ses Fgare 1 03¢ logic atd Sow of stegdoen "5 < O3

s
M
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Wigh cerrections for rectoiction in zange
However, 55 shown in Table 2, the sempls rangeof
sogrss on the predictor was severely restricied; 25 a
consequende, evidence based on those uncorrected
correlzrions may be somewhat miskeading as ta the
Lirness of the prodicror 2% TFR 1607.14.3.8.0c})
Anslyses dased on correlations corrected for explicic
and imphicic restriction in range may provide 2 berrer
sssesement of the fairness of the OFM rest bartery
with respect to the applicant population. Populution
and corcecred cosrelntions are preseand is the upper
eight-head criangie of the metriz in Table 5. The
estigrated population correlation berween THMC and
performance in the dcademy Screen incressed from
1844 to 4724 with correction for explicit resuriction
in range. After otrecting for incidenzal restriction in
sange. the correlation between gender and SCREEN
decreased 100651, asdid the correlation betwees the
cressproduct 20d SCREEN {-.0408). The resvles of
the differential prediczion analysis, using che step-
down hicrarchical regressicn analysis on the basis of
the corrected onrrelations, wre prosented in Table 8
The null hypothesis of 2 common regression line was
rejected, suggesting the preseace of some degres of zesy
bias. The increment in R* sssociared with the Kl
modei over the basic model was significane (& -
D187, F< 117.76,9 5 .001). Nexr, the ruil hypothesis
of same slopes by gender was rejected; the subgroup
model (predicror and group membership} expiained
less variance than the full model (B 2 - G187, F =
235.24, p 5 .O01). Following the anaivtic logic Hius-
trzted in Figure 1. the full and crossproduct medels
werr nest compared to determine if the intercepos
were different for men and women. The null hvpoth-
esis of same ineereepts was also rejected, with removal
of SEX lkading to a significant ceduction in the
zmonnt of explained variance (B = - 0181, F= 22841,
F s 001} Overell, the rzaults oduined with the
corseceed correlations indicated the aced for separate
regressicn equarions for men and women for predic-
dons based oz both rew and standandizcd predictor
scoree. Thersfore, correlztions berwesn TA{C and
STREEN weee computed for men 2nd womes sepa-
razely, corrected for explicit restricton in rungs based

LrL]

on cthe steaderd devistion of the zpeivude by sex
{TMC_SEX] inceraction e, and submitted 1o re-
gression snalvsis. The equation for men was;
CTREEN = -24.868D » {1.0397 * TMO)
compated 10 and equation for women of
SCREEN' = 23,1254 + {10102 * TMC}
where SCREEN {s the predicted score in the FAR
Acederny ATCS Nonrader Scresn. The regression
eguarions are plowed iz Figure 4.

DRISCUSSIOR

Orvercll, the analyses coported in chis etudy indi-
cered ther the written ATCS spdtude west battery did
r:ot fulfill the techanical faimness requirements sudined
by the Umiforre Guidelines on Zmplcyee Selection Pro-
cedfuves. The results of the sdverse impace amalysis
indicared that use of the weighted composire o MCAT
2nd ABSR scores as 2 qualification criterion resulted
in the exclusion of grearer proportions of wamen than
men from further considerstion for employmenst.
Moreover, the adverse impsct conid be strrthared oz
specific practice (Antenio . Ward's Cove Pucking Co.,
1989, EEQC v Gropbound Lines, 1980, Peuncy »
Pradonsial Insurence Co., 1982) 2nd was scetisncslly
sigaificant {Hasriweod School Distroct v Unized Segtes,
1977} Similacly, there appearzd to be subkly differant
refaticnships for the sexes between aptitude scorz and
subsequent performance 1t the Acedemy, after cot-
recting the sample data correlzuans for restriction in
renge. The cormected majority regression line slighdy
wvezpredicted the performance of the minority group,
as shown in Figure 4. Schmide {1938) suggested thae
this is a commeon feding in differendal prediction
znalyses. For example, Dunber and Novick (1988}
reporeed similar rasufes for predicrions of weining
success from the Aemved Services Vecational Aptitude
Bartery {ASVAB) scoees by gender.

Evidence for differential predicrion such a5 we
found in this study of the ATCS wrireen aptitude tast
tattery Bes been discoanted on 1he hasis of Greors
such 2s wse of inappropriate satistice! procedurss and
defects in study designs (Humrer, 19735 On one
hand, the suatistical effects dewwazed in our differeacial
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crediction zaalyses were genesally small and detser-
zhie only with very lerge samples, afrer corrections for
restriction in range. Oae might argue thas, asa conse-
guence, the resuks were arvifaces of an inapproprizre
analysis of correced correlations, and have litele prac-
ucal significance. We would countes by noting thot
corrected correlstions may, in facx, provide more
accurate estimates of test validity, particaiarly inlarge
samples and under sringent selection ratios (Bobko,
1383; Millsap, 1988). Uncoerected cosfficients ap-
pear o be downwardly bissed estimares of the truc
populedon validity coefficients {Lee, Miller, & Gra-
harn, 1982}, Therefore, differendal prediction ancly-
szs based on corrested correiatiwns that provide less
biased eszimates of truc population values are likely 2o
provide similasly less biased astimares of populztion
effects, and are not arxifectual. Morzover, we believe
that these effects cannot be lightly dismissed in view
of the very real peactical consequences for the ATCS
selection program. Oane practicai consequence of @
mean score Gifference on TMC < '6.33 3D was ad-
verse bnpact an women, asdehine’. underthe Urifprae
Guidelines. Moreover, the practical consequence of
the apparent differeatial prediction in the populatos
was that women may bave effectivelr needed 2 higher
TMC chan men to have an equal likelihood of passing

15

the FAA Academy. The implications of differential
prediction relative to the conssquences of over-
predictioz will be investigated in grester demil in
another study.

On the other hand, unmeasured variabies may have
been confounded with the predictor, resulting in 3
defective stady design {Anastasi, 1988). One might
suspecs, for ezample, char educstion z2nd scocsson the
apeitude st might be confounded in visw of the
generally pocitive correlation between such rests snd
educational arraiament: the group with lower scores
o an sptitude test battery might have lower overgll
educazional levels than the other group. However, 2
significantly greaver proporeion of women {39.3% of
34.479) thao men {35.7% of 118,735) had achieved
a bacczlaureate degree or more in the reference popu-
latton of 170,278 applicants (Z= 1222, p < D01). &
similar pattern was found for thesampir 0 9,352 FAA
Academy entrancs used in che diffecential predicdon
analysis. These datz provide some evidence to suggest,
pending mere detailed anabyses, that unmessurcd
variables such 2 aducation may net account for the
observad differential predicrion in this study.

There is an slterastive explanation to conclusions
of west bias or artfacrual sesults due to statistical
corrections o unmeasured vanizdles. Theresultsmighe
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accurately reflect true differences in cepabilities and
performance by gender. One zevent analysis of the
ATCS job found that perceprusl processes such 25
visuslization aad scanning, are important worker re
quiremenzs {Niclkels, Bobko, Blair, Sands, & Tareak,
19935). Ancther analysis suggested perceprual speed
and reasoning with nuraerical information were rel-
evant cognitive attributes to the controlisr job {Broach
& Aul, in preparstion). An analysis of the abilities
required specibically for success in ehe Screen also
pointed roward the visual-spatial domain of abilices
{Gibb. Smith, Swindells, Tyson, Gieralrowski,
Parschaver, & Haaey, 1991). These studies indicate
that there is at least some need ro usilize abilities in the
visuai-spatial domain i the performance of ATCS
rasks. The construct validity study of the OPM test
batrery conducted by Harris {1988} provided ovi-
dence that the MCAT, in particular, measursd some
aspects of this domain of job-refvant abilicies with ics
emnphasis on the definition and manipuktion of the
perceptual field and reasoning with verbal 2nd nu-
meric information. There appesr to be subkle but
persistent sex differences in the visual-spatial abilicies
domain (falpera, 1986; Voyer, Voyer, & Bryden.
1995). Sex differences in the abilities tessured by the
ATCS wrirten ageitude test battery mighe explain, iz
part, the mean soore differences oberrved on the
predictor TMC. Simiiacly, sex differences on visual-
spatial abilities important to performance in che Screen
might similacly account for the appavent differensial
prediction of Screen scores from apritude scores.
Currens research being conducted under the FAA
Separation and Coarrof Hiring Assessment (SACHA)
project {(Bobko, Nicksls, Blair, & Tarcai;, 1994: Uni-
versity Research Corporation, 1994) mav provide
further dana elucidating the telasionships berween
gender, visualspatial abilities a5 measured by apt-
tude tests, and ATCS job performance.
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